suppressed background for coincidence detection events compared to single photon detections.
NOTATIONS
The presence of noise in an experimental setup will always lead to non-pure quantum states.
In the case of totally uncorrelated (white) noise, a singlet state as produced by our source might be described by the mixture as defined in the main text, the identity operator I i acting on the subspace of particle i and the visibility V.
(1) provides a direct experimental measure for the visibility, since ) ,
. This means that V is directly given by the average visibility of the sine-curves as are shown in Fig.2 .
A more intuitive measure of the quality of a quantum state is the fidelity F, i.e. its overlap with the ideal pure state, defined by
Using Eq. (S1) yields
as the fidelity of the given two-photon state. Note, that this expression differs from the fidelity of a single-photon state,
, due to the increased dimensionality of the two-photon system.
The experimental imperfections pose additional restrictions on the violation of the CHSHinequality (see Eq. (2)). In general, using Eq.(S1), one obtains
, which results in a modified Bell-parameter . The sinecurve measurements (Fig.2) result in an increased state-visibility of V opt = (88.6±3.3)% due to a slight misalignment of the polarizer-axis as indicated by the phase shift in the fit to the sinecurves.
For the application of quantum key distribution (QKD) it is of interest to define a quantum bit error rate (QBER) of the protocol, i.e. the number of wrongly attributed pairs over the number of all distributed pairs. In the case of a BB84 protocol adapted to polarization-entangled photon pairs in a singlet state, the "wrong" events correspond to photon pairs detected with parallel polarization and a secure sifted key can be obtained from the pairs detected with orthogonal polarization. Specifically, shared entanglement of the form (S1) results in a QBER This agrees with our directly determined value of approx. 8.4%.
